Objective: There is evidence of preclinical cardiovascular disease even in young women with polycystic ovary syndrome (PCOS). The aim of our study was to assess and compare the effects of metformin (MET) and rosiglitazone (ROSI) on endothelial function in PCOS patients. Methods: For 6 months, 26 women with PCOS received either MET or ROSI. Blood samples for assessment of androgens, lipids, and high-sensitive C-reactive protein were taken at baseline and at endpoint. Endothelium-dependent flow-mediated dilation (FMD) and glyceryl trinitrate-induced endothelium-independent dilation of brachial artery were studied before and after treatment. Homeostasis model assessment (HOMA IR ) calculation was applied as a measure of insulin resistance (IR). Results: With treatment, FMD of brachial artery improved significantly from 4.2G6.6 to 10.2G5.9% in MET group (PZ0.036) and from 2.9G3.2 to 7.6G4.9% in ROSI group (PZ0.026), MET being as effective as ROSI (PZ0.70). The endothelium-independent dilation did not change. Additionally, administration of MET was associated with a significant decrease in HOMA IR (PZ0.003), serum total and serum-free testosterone (PZ0.045 and PZ0.008 respectively) and significantly higher frequencies of menstrual bleeding (PZ0.006). Conclusions: A 6-month therapy with insulin sensitizers, MET and ROSI, resulted in marked improvement of endothelial function in young PCOS patients without clinically evident atherosclerosis who were not severely insulin resistant. Neither drug was superior to the other. We conclude that therapeutic intervention with either insulin sensitizer may reverse the atherosclerotic process in PCOS patients at its early stage.
Introduction
Polycystic ovary syndrome (PCOS) is a common endocrinopathy of complex and multifactorial etiology characterized by hyperandrogenism and chronic anovulation that affects 4-10% of women in reproductive age (1, 2) . Over the last 20 years, it has been widely recognized that in addition to endocrine and reproductive abnormalities most women with PCOS demonstrate metabolic disturbances including insulin resistance (IR), type II diabetes mellitus, dyslipidemia, abdominal obesity, and metabolic syndrome (3) (4) (5) .
In agreement with these metabolic derangements, there is increasing evidence of preclinical cardiovascular disease (CVD). Left ventricular hypertrophy (6) , increased carotid intima-media thickness (7) (8) (9) (10) , coronary artery calcification (11) , and endothelial dysfunction (7, (12) (13) (14) have been found in obese and even in normal weight patients with PCOS. Clinically apparent CVD is much less evident in reproductive period of PCOS patients, although these women may have an increased incidence of CVD as they age (15) .
Endothelial dysfunction is one of the preclinical manifestations of cardiovascular damage (16) . It is the result of decreased endothelial production or increased degradation of nitric oxide (NO) (17) and is found in patients with coronary artery disease (18) , in those with atherosclerotic risk factors (19) , and in women with PCOS (7, (12) (13) (14) . The healthy endothelium, particularly endothelium-derived NO, modulates the tone of the underlying vascular smooth muscle and inhibits several proatherogenic processes (20) . Endothelial cell dysfunction is the initiating event in the development of atherosclerosis (21) ; therefore, the assessment of endothelial function has emerged as a tool for detection of preclinical CVD. Endothelial function can be measured as flow-mediated endothelium-dependent dilation (FMD) of the brachial artery using ultrasound.
One of the physiological actions of insulin in humans is to dilate skeletal muscle vasculature (22) . The dilating effect of insulin is mediated by the endothelium-derived NO (23) . IR may play a key role in the development of endothelial damage as it is associated with blunted endothelium-dependent, but not endothelium-independent dilation (24) , with failure of hyperinsulinaemia to augment endothelium-dependent dilation (25) . It is well known that metformin (MET) (26, 27) and rosiglitazone (ROSI) (28) (29) (30) (31) (32) (33) improve IR, hyperinsulinism, and metabolic profile in PCOS, but their actual protection from cardiovascular morbidity and mortality has yet to be demonstrated.
The aim of our study was to assess and compare the effects of 6 months MET and ROSI administration on endothelial function in young women with PCOS. The novelty of this study is to explore whether there is a difference in the effects of the two insulin sensitizers on the endothelium in PCOS. The more potent drug would then be recommended to patients at higher cardiometabolic risk.
Subjects and methods

Study population
We recruited 28 women with PCOS as classified according to the National Institute of Child Health and Human Development (NICHD) criteria (34) . We chose the NICHD criteria because they better define the population of PCOS patients that are at higher risk for IR and cardiometabolic complications than do the Rotterdam criteria (35) . All subjects gave their written informed consent before entering the study that was conducted in accordance with the Declaration of Helsinki and approved by the national ethical committee. Clinical hyperandrogenism was defined by the presence of hirsutism, represented by a modified Ferriman-Gallwey score of 7 or more, persistence of acne during the third decade of life or later, or the presence of androgenic alopecia. No attempts were made to grade the severity of acne or alopecia. Hyperandrogenemia was defined as a total or free testosterone, androstenedione, and/or DHEA-sulfate (DHEAS) level above the 95th percentile of normal population values. Menstrual dysfunction was defined by more than six cycles with a length of more than 35 days (oligomenorrhoea), and/or when the patient had not had any menstrual bleeding for three consecutive months (amenorrhea) during the previous year. We took a history of menstrual bleeding for the period of 6 months before starting the treatment and followed each bleeding during the treatment. All patients had normal serum prolactin concentrations and thyroid function tests. Possible Cushing's syndrome or congenital (non-classic) adrenal hyperplasia were excluded when needed (34) . Additional exclusion criteria were type I or type II diabetes mellitus, a significant cardiovascular or hepatic disease, and the use of medications known or suspected to affect reproductive or metabolic functions, within 60 days prior to study entry. None of the patients had ever taken insulin-sensitizing drugs prior to the study.
Experimental protocol
Patients were randomly allocated to a 6-month treatment with either MET 850 mg twice daily or ROSI 4 mg once a day. As a method of randomization, the RAND function in Excel was used. After the initial inclusion of 28 patients, 26 (93%) finished the trial according to the protocol. Two women from ROSI group were excluded due to protocol violation. The MET group included 15 women (age 23.1G3.7 years). The ROSI group included 11 women (age 25.0G4.9 years). They underwent hemodynamic testing at baseline and endpoint of the study. The endothelium-dependent FMD and the endothelium-independent (glyceryl trinitrate (GTN)-mediated) dilation of the brachial artery were measured in all subjects. A fasting blood was drawn for determination of glucose, insulin, and other observation parameters followed by a standard 75 g oral glucose tolerance test (OGTT). All the blood samples were centrifuged and the separated serum was kept frozen at K40 8C until analyzed. In addition, safety parameters (hematology, liver and renal function, and serum electrolytes) were assessed before and at 2-month intervals during the study. Women were advised to use barrier contraception, instructed not to modify their usual eating habits and physical activity throughout the study, and asked to report any side-effects during the treatment. No heavy smokers were included in the study. All current smokers were requested to reduce the number of cigarettes smoked the week before and not to smoke at all 12 h before the hemodynamic study, to eliminate the acute effect of smoking on endothelial function. Smoking status of the patients during the study did not change, and there was a comparable proportion of smokers in either groups (four women in MET and three women in ROSI group).
Assays
Glucose levels were determined using a standard laboratory reference method (glucose oxidase method; Roche Hitachi 917). Luteinizing hormone (LH) and follicle-stimulating hormone (FSH) were determined using an immunometric assay (Diagnostic Products Corporation, Los Angeles, CA, USA). Androstenedione and DHEAS were measured by specific double antibody RIA using 125 I-labeled hormones (Diagnostic Systems Laboratories, Webster, TX, USA). Total and free testosterone levels were measured by coated tube RIA (DiaSorin, S. p. A, Salluggia, Italy, and Diagnostic Products Corporation respectively). Insulin was determined by IRMA (Biosource Europe S.A., Nivelles, Belgium). High-sensitive C-reactive protein (hsCRP) was measured by chemiluminescent immunoassay (Immulite, Diagnostic Products Corporation). Intraassay variations ranged from 1.6 to 6.3%, and interassay variations ranged from 5.8 to 9.6% for the applied methods. Pre-and post-treatment samples from each patient were assayed in the same assay run.
Assessment of IR
Homeostasis model assessment (HOMA IR ) score calculation was applied as a measure for IR. The estimate of IR by HOMA IR score was calculated with the following formula: fasting serum insulin (mU/l)!fasting plasma glucose (mmol/l)/22.5 (36) . HOMA IR score values 2.0 were considered as a cutoff point for IR as published previously (37) .
Hemodynamic studies
Endothelium-dependent FMD and GTN-induced (endothelium-independent) dilation of the brachial artery were studied using a high resolution B mode Advanced Technology Laboratories 5000 ultrasound system with a 7 MHz linear array transducer, as described previously (18) . The subjects rested in the supine position for 10 min before hemodynamic measurements were performed. The brachial artery was scanned in the longitudinal section 2-15 cm above the elbow to find the clearest images of the anterior and posterior wall layers. The mean arterial diameter was measured at the end of diastole, which was determined by simultaneous monitoring of the electrocardiogram. At least three cardiac cycles were analyzed for each scan and the measurements averaged. The flow velocity was measured at a fixed incident angle of 608 to the vessel with the range gate of 1.5 mm located in the centre of the artery. The baseline (resting) blood flow was estimated by multiplying the velocity time integral of the Doppler flow signal (corrected for incident angle) by the vessel cross-sectional area. Hyperemic flow increase was induced by inflation of a blood pressure tourniquet, placed around the forearm, to a pressure of 300 mmHg for 4.5 min inducing ischemia. Hyperemic flow was recorded for the first 15 s and diameter measurements were taken 45-60 s after cuff deflation. Increased blood flow caused shear stress induced increase in NO production and subsequent vasodilation. The endothelium-dependent dilation was expressed as the percentage change of the diameter after reactive hyperemia relative to the baseline diameter. A period of 10 min was allowed for vessel recovery, after which a further resting scan was taken. Endothelium-independent dilation was provoked by sublingual administration of 400 mg of GTN, which acts as NO donor. The final scan was performed 4.5 min later. Endotheliumindependent dilation was expressed as the percentage change in the diameter after GTN administration relative to the baseline scan. The ratio between the endothelium-dependent and endothelium-independent dilation was calculated. All measurements were carried out by the same investigator who was blinded for the treatment assignment of the patients and also for the post-or pretreatment status, since there were more studies on endothelial dysfunction in PCOS going on simultaneously making that possible. To assess the reproducibility of measurements, 20 subjects were selected at random for repeated vascular studies. The correlation coefficient between the absolute differences and mean values of paired measurements was 0.92, P!0.05, and the interclass correlation coefficient was 0.970, P!0.001.
Statistical analysis
The variables showing a normal distribution, as determined by the Kolmogorov-Smirnov test, were expressed as means and S.D. HOMA IR and hsCRP were highly skewed and were analyzed after logarithmic transformation. These data were expressed as median and quartile range. Differences between groups before and after the intervention were tested for significance by Student's t-test for unpaired data for normally distributed variables. The change of each variable after the intervention period was tested by Student's t-test for paired variables in each group. For correlation analysis, Pearson's correlation coefficient was calculated for normally distributed variables. The criterion for statistical significance was a P value of less than 0.05. All calculations were performed with the Statistica (data analysis software system), version 7.1 (StatSoft Inc., 2005, Tulsa, OK, USA).
Results
Baseline characteristics
The meanGS.D. values for the normally distributed parameters and median with quartile range of HOMA IR and hsCRP, at baseline are reported in Table 1 . As expected because of randomization, there were no significant differences in any of the parameters between the treatment groups at baseline (P values not reported). Patients showed the characteristic dyslipidemia of PCOS with low high density lipoprotein cholesterol levels.
Changes in anthropometric and circulating variables
Only minor and statistically non-significant changes were observed in the body mass index (BMI) and waist circumference values in both groups after treatment intervention (Table 1) . OGTT did not reveal an impaired glucose tolerance (IGT) in any of the patients studied in the ROSI group (neither at baseline nor at endpoint). The treatment/time effect versus baseline within the groups, tested by the Student's t-test for paired variables: *P!0.05, † P!0.01, ‡ P!0.005. All significant changes are in bold. The Student's t-test for unpaired data for the differences between the groups, PZNS. BMI, body mass index; BP, blood pressure; HOMA IR score, homeostasis model assessment of insulin resistance; LH, luteinizing hormone; FSH, folliclestimulating hormone; DHEAS DHEA sulfate; hsCRP, high-sensitive C-reactive protein. The medians and quartile ranges are written in italics.
In the MET group, two patients were found to have IGT at baseline. After treatment, the IGT was still observed in the two patients. HOMA IR score values significantly decreased in MET group (PZ0.003 for the treatment/ time effect). There was a non-significant tendency of HOMA IR improvement in ROSI group (PZ0.15) that was predominantly driven by a decrease in fasting insulin levels. The delta change in HOMA IR between MET and ROSI group was not statistically significant (PZ0.283). Administration of MET was associated with a significant decrease in serum total and free testosterone (PZ0.045 and PZ0.008 respectively). Serum total and free testosterone decreased after treatment with ROSI, but this was not statistically significant (PZ0.85 and 0.58 respectively). No statistically significant change over time occurred in the remaining laboratory variables (fasting glucose, fasting insulin, total, high density lipoprotein (HDL) and low density lipoprotein (LDL) cholesterol, triglycerides, LH, FSH, LH/FSH ratio, androstenedione, DHEAS, and hsCRP; Table 1 ).
Changes in menstrual pattern
Both treatment interventions resulted in an improvement of patients' menstrual pattern. Menstrual frequency increased from 0.57 to 0.76 cycles per month on average in the MET group (PZ0.006) and from 0.67 to 0.81 per month (PZ0.076) in the ROSI group (Table 1) .
Hemodynamic studies
No differences were observed in the baseline diameters of the brachial artery, FMD, and GTN-induced dilation between groups. After treatment, FMD of the brachial artery improved significantly in each group ( Table 2 ). The treatment effect was comparable in both groups. No difference was observed in GTN-induced dilation before and after treatment in either group (Table 2) , with no difference between the groups. The ratio of FMD to GTN-mediated dilation significantly increased in both groups (Table 2) , with no difference between the groups. There was a negative correlation between the change in FMD (%) and the change in testosterone with MET treatment (PZ0.05, RZK0.52).
Both drugs were well tolerated and a few minor adverse events did not lead to discontinuation of the treatment in any of the patients. In the MET group, two subjects had temporary mild gastrointestinal problems. No elevation of liver enzymes was found and no case of edema was reported in the ROSI group.
Discussion
We demonstrated that both MET and ROSI administration improved endothelial function in young women with PCOS, MET being as effective as ROSI. The augmentation of the vascular reactivity was accompanied by a clinically meaningful improvement in menstrual pattern in both treatment groups and by a significant reduction in HOMA IR and serum total and serum-free testosterone concentration in the MET group. To our knowledge, this is the first study to compare the effects of both insulin sensitizers on arterial reactivity in young patients with PCOS.
In the present trial, FMD of the brachial artery improved significantly after MET and ROSI administration, while there was no effect on GTN-induced dilation in either group. The ratio of FMD to GTN-induced dilation, as defined by Zeiher et al. (38) , increased significantly in both treatment groups indicating that the brachial artery dilation improved exclusively due to the improvement of the endothelial function and not because of the better vascular smooth muscle cell activity.
To date, interventions with MET have brought inconclusive results regarding the endothelial function in PCOS. Its administration has been proven beneficial in few recent studies: endothelial dysfunction was reversed to control levels in 20 PCOS patients (39) Table 2 Brachial artery endothelium-dependent FMD and endothelium-independent GTN dilation before and after 6 months of metformin or rosiglitazone treatment. and improved in 30 non-dyslipidemic, non-hypertensive, young, normal weight women with PCOS, 6 months after MET treatment (40) . On the other hand, endothelial dysfunction did not improve after 3 months of MET treatment in another group of PCOS patients (41) . Similarly, in a larger controlled trial, the improvement of IR with 6 months of MET did not induce an increase in FMD (42) . There are even more limited data on the efficacy of ROSI on the endothelial function: ROSI was shown to improve endothelial dysfunction in non-obese young women with PCOS in only one study (43) . However, there are some studies suggesting an improvement of endothelial dysfunction in patients with newly diagnosed type II diabetes and coronary artery disease with another thiazolidinedione, pioglitazone (44) . The improvement was independent from changes in insulin sensitivity. The mechanism by which MET and ROSI improve endothelial function in PCOS is still unclear; however, an improvement in insulin sensitivity seems to be the most important factor (40) . Phosphatidylinositol 3-kinasedependent insulin-signaling pathways in endothelium related to production of NO share striking similarities with metabolic pathways in skeletal muscle that promote glucose uptake. Other distinct non-metabolic branches of insulin-signaling (MAP-kinase) pathways regulate secretion of the vasoconstrictor ET-1 in endothelium. Metabolic IR is characterized by pathway-specific impairment in phosphatidylinositol 3-kinase-dependent signaling, which in endothelium may cause imbalance between the production of NO and secretion of ET-1 (45) . Increased ET-1 levels have already been demonstrated in PCOS population (46) . Furthermore, IR is linked to the endothelial dysfunction also by other mechanisms, such as increased oxidative stress, increased activity of the rennin-angiotensin system and the action of hormones and cytokines secreted by the adipose tissue (47, 48) . Increased vascular stiffness and impaired vasodilatory action of insulin ex vivo were demonstrated in patients with PCOS suggesting an abnormal insulin-regulated endothelial NO production in the vasculature (14) . Endothelial dysfunction in young women with PCOS was associated with IR also in cross-sectional (12, 13) and interventional studies (40, 43) . Significant decrease in IR after 6 months of MET treatment was accompanied by the improvement in endothelial structure and function in young, normal weight women with PCOS (40), suggesting an important role of IR and hyperinsulinaemia in the precocious atherogenesis in PCOS patients. Our data support these latter findings. A significant association between beneficial effect of ROSI on endothelial function and an improvement in insulin sensitivity was also reported in PCOS (43) .
Alternatively, the obvious beneficial effect of MET and ROSI on endothelial function could be mediated by additional mechanisms. In our study, total and free testosterone concentrations decreased significantly after MET and tended to be reduced after ROSI therapy.
The decrease in testosterone levels correlated with the improvement of FMD in the MET group. Similarly, in another study, androgenic profile improved along with the improvement in endothelial structure and function after 6-month MET administration in PCOS women (40) . A positive correlation between abnormal endothelial function and testosterone levels was found in hyperandrogenic insulin-resistant women with PCOS, an association that was stronger than that with IR (12) . Since androgen receptors are present on the arterial wall, the direct effect of androgens on the vasculature cannot be excluded and the reduction of hyperandrogenemia might improve vascular reactivity (49) . However, the role of different androgens in cardiovascular physiology and disease remains unclear and whether hyperandrogenism has protective or deleterious effects on atherogenesis in women with PCOS remains to be clarified.
Accumulating evidence suggests that inflammatory markers like hsCRP directly promote atherosclerotic processes and endothelial cell inflammation leading to atherothrombosis (50, 51) . In our study, a decrease in hsCRP cannot be included in the parameters affecting the improvement of endothelial function, since significant decreases in hsCRP were not detected after treatment in either group. On the other hand, Tarkun et al. (43) proved beneficial effects of ROSI on endothelial function and hsCRP in normal weight young women with PCOS.
Furthermore, reduction of body weight cannot explain the improvement of endothelial function in our study, since BMI did not change with treatment. It has been shown previously that endothelial function in PCOS does not exclusively depend on BMI. Impairment of endothelial structure and function was found even in normal weight women with PCOS (52). Therefore, MET and ROSI can be used to improve the cardiovascular risk also in lean women with PCOS.
Additionally, the improvement of endothelial function in our patients was not associated with any change in the characteristic dyslipidemic pattern of PCOS (low HDL cholesterol) in either therapeutic group. In this regard, FMD improved with ROSI treatment in PCOS without an associated change in the lipid profile (43) . On the contrary, the endothelial function improved with MET intervention in PCOS in association with an increase in HDL and a reduction in LDL cholesterol (40) . However, the implied mechanisms of insulinsensitizing treatment effects on endothelial function in PCOS are still a matter of debate.
At this point, the limitations of our study should be mentioned: this was an intervention study with relatively small sample size where the endothelial function was not additionally assessed by biochemical methods (ET-1 and cell adhesion molecules were not measured). Additionally, we did not measure FMD in a healthy BMI-matched control group to compare the post-treatment FMDs of our patients to, which would have enabled us to see whether the FMD values had normalized. Nevertheless, from the clinical point of view, the significant improvement of endothelial function in our patients with both insulin sensitizers is the most relevant finding. If FMD has normalized in 6 months or not (yet) seems to be of less importance. Less significant effects of ROSI when compared with MET on some other studied parameters might reflect a type 2 error as, also due to dropouts, fewer subjects were studied in ROSI group.
The advantage of our study was that we chose young PCOS patients without any clinical signs of atherosclerosis who were not severely insulin resistant (as assessed by HOMA IR ), which enabled us to demonstrate that therapeutic interventions with insulin sensitizers may reverse the atherosclerotic process in young women in its early stage. It seems prudent to plan long-term therapy that addresses the reduction of CV risk in PCOS (53) . However, regarding translation of these data to clinical use in PCOS, it needs to be acknowledged that, because of an uncertain safety profile in pregnancy, ROSI should not be prescribed to women wishing to conceive. Alternatively, a number of studies have confirmed apparent safety of MET, without teratogenicity and even with a potential for reducing the risk of miscarriage and gestational diabetes in women with PCOS (54).
In conclusion, the 6-month treatment with ROSI and MET of young PCOS women resulted in marked improvement in endothelial function, MET being as effective as ROSI. Further randomized controlled trials with larger numbers of patients are required to determine whether insulin-sensitizing therapy can be useful in reducing cardiovascular risk in women with PCOS long term.
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